« 



(19) 



J 



(12) 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 743 029 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Int CI. 6 : A46B 15/00, A61N5/06 




20.11.1996 Bulletin 1996/47 




(21) 


Application number: 96201 093.0 




(22) 


Date of filing: 24.04.1996 




(84) 


Designated Contracting States: 


(72) Inventors: 




DE GB 


• Neuberger, Wolfgang 






53121 Bonn (DE) 


(30) 


Priority: 26.04.1995 US 429083 


• Cechetti, Walter 






35125 Padova (IT) 


(71) 


Applicant: CeramOptec GmbH 




D-53121 Bonn (DE) 





(54) Dental cleaning treatment laser device 

(57) The invention is an oral cleaning device incor- 
porating a low power laser radiation source and means 
for producing pulsed or continuous wave delivery of low 
power radiation to teeth, gums and oral tissue. The 
device is used alone or in conjunction with a liquid jet or 
jets and/or with photosensitizer dental paste or liquid. 
The device destroys bacteria and viruses in the mouth 
and on surrounding tissue. It increases oral blood circu- 
lation and enhances the body's immune system 
response to oral infection. The device may be operated 
by a trained professional at three different repetition rate 
frequencies, selected by the operator to threat different 
dental conditions. The specific photosensitizer liquid or 
paste which is activated at a certain wavelength is cho- 
sen by tfie operator to treat different dental conditions. 
The device is also intended for home dental hygiene at 
low power. 
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Description 

The invention relates generally to a tooth and 
mouth cleaning or treatment instrument and to a dental 
liquid or paste used in conjunction with the tooth and 
mouth cleaning or treatment instrument. 

Generally in the prior art mechanical cleaning of 
teeth with manual, electric and/or water jet devices is of 
a superficial nature only and does not penetrate into the 
skin-tissue or into pockets to remove or destroy bacteria 
and viral contamination. Additionally, toothpaste is of 
very limited effect in terms of bacterial and viral destruc- 
tion. Low power laser biostimulation produces enzymes 
which can destroy viruses and bacteria present on 
teeth, in the mouth, on the gums and below the gum 
line. Consequential inflammation and pain is also elimi- 
nated. Radiation with pulsed diode laser at varying rep- 
etition rate frequencies is a selective trigger of the 
body's natural defense to infection within the mouth. 
Optimum effect can be achieved with GaAs (Gallium 
Arsenide) pulsed diode laser at a width of 200-300 
nsec, X.=904 nm, power = 5-10 mW, application time 1- 
3 minutes. Three different repetition rate frequencies 
can be used to treat different dental conditions as fol- 
lows: 

F1 = 73 Hz for Parodontitides, dental pain 

F2 = 292 Hz for Gingivitis, stomatitis 

F3 = 584 Hz for Gingivitis, stomatitis paradon- 

tophaties 

It is known through research in the area of photody- 
namic therapy that certain substances are created as a 
byproduct of laser radiation. These substances contain 
atomic or singlet oxygen that is believed to destroy 
tumor cells. Similarly, atomic oxygen resulting from 
laser radiation can enhance destruction of oral bacteria 
and viruses. Research has been conducted and 
reported which teaches that gram-positive and gram- 
negative bacteria are sensitive to singlet oxygen gener- 
ated by a physically separated photosensitizer. Thus, 
laser radiation will destroy oral bacteria. [See, e.g., 
Giuliana Valduga et. al.. "Effect of Extracellularly Gener- 
ated Singlet Oxygen on Gram-positive and Gram-nega- 
tive Bacteria," J. Photochem. Photobiol. B. Biol.. 21 
(1993)81-86.] 

The wavelength at which the diode laser of the 
device is operated is related to the specific photosensi- 
tizer used. A photosensitizer such as a Phthalocyanine 
can be activated by continuous wave diode laser as fol- 
lows: 

(a) Zn (II) phthalocyanine is activated at X = 670 nm 

(b) Si (IV) naphthalocyanine is activated at 1 = 780 
nm 

(c) Pd (OBu) 8 naphthalocyanine is activated at X ■ 
820 nm 



The present invention addresses the need for an 
oral cleaning or treatment device which will have a sig- 
nificant destructive effect on bacteria and viruses. 

The objectives of the invention are as follows: 

5 

1 . To provide a device to permit the delivery of low 
power radiation through the bristles of a toothbrush. 

2. To provide a device to permit the delivery of low 
power radiation through a liquid jet or jets within the 

10 device. 

3. To provide a device that permits the delivery of 
low power radiation directly from a low-power small 
radiator such as a diode-laser to areas of the oral 
areas to be treated or cleaned. 

is 4. To provide a device that may be used separately 
from a cleaning device if desired, and that may pro- 
vide variable treatment combinations by the selec- 
tion of switches that control the radiation source, 
and that may provide sanitary, disposable treatment 

20 or cleaning portions of the device to allow multiple 
users to take advantage of the device. 

5. To provide a cleaning material defined as a tooth- 
paste or liquid to be used with the oral cleaning 
device which is radiation activated at certain wave- 

25 lengths. 

6. To respond to the need for an inexpensive, con- 
sumer-oriented hand-held tooth and mouth clean- 
ing device which will emit low-power laser radiation 
for in-home treatment of oral infections, gingivitis 

30 and periodontal disease and for use by dentists and 
oral surgeons in preparation for surgery, in treat- 
ment of oral infection or during oral surgical proce- 
dures. Used in conjunction with the radiation 
activated toothpaste or liquid the effect on oral 

35 inflammation and infection is significant. 

The present invention provides an oral cleaning 
device using low power radiation which enhances 
destruction of oral viruses and bacteria, increases blood 

40 circulation and thereby increases the body's immune 
system response to an oral infection. The present inven- 
tion teaches a device which will have a significant effect 
on the treatment of all types of oral diseases, inflamma- 
tions, and infections. 

45 As an alternative to a pulsed diode laser, a continu- 
ous wave diode laser can be used with or without a pho- 
tosensitizer liquid for selective biostimulation. 

Low power laser radiation also increases blood cir- 
culation to maintain dental and gum health. The inven- 

so tion addresses these needs by teaching a consumer 
oriented device combining the benefits of mechanical 
cleaning with tissue penetration and virus/bacterial 
elimination using low power radiation delivered with 
either a pulsed or continuous wave mode. 

55 The invention also teaches a photosensitizer dental 
liquid or paste to be used with the dental laser brush 
device which is activated by a laser wavelength. The 
photosensitizer toothpastes or liquid supplements 
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increases the effectiveness of the laser assisted clean- 
ing instrument 

The above, and other objects, features and advan- 
tages of the present invention will become apparent 
from the following description read in conjunction with s 
the accompanying drawings. 

Figure 1 is a view if the end of the mechanical oral 
cleaning device showing a circular fixed tip, optical fib- 
ers and liquid jets within the brushhead for laser radia- 
tion delivery. 10 

Figure 2 is a view of the end of a mechanical oral 
cleaning device showing a circular rotating tip, optical 
fibers and liquid jets within the neck of the device for 
broader laser radiation delivery. 

Figure 3 is a sectional view of the mechanical oral 15 
cleaning device showing a brushhead, diode laser, 
power supply, cooling means and driver. 

Figure 4 shows a mechanical oral cleaning device 
placed within a console having a colored, replacement 
brush tips, means for a dental liquid dispenser and elec- 20 
trical components. 

Figure 5 is a view of a mechanical oral cleaning 
device with an optical fiber and a liquid jet, where the 
fiber optic's end terminates in at a safety-designed 
angle. 25 

Figure 1 shows a preferred embodiment of the 
invention in which plastic brush 1 0 can be manufactured 
in a multiplicity of colors and is removable from a han- 
dle. Plastic brush 10 contains one or more optical fiber 
11s and water or liquid passage 12. Optical fiber 11(s) 30 
carry radiation from a radiation source to brushhead 13, 
and water or liquid passage 12 carries water or liquid 
under pressure to brushhead 1 3. Optical fiber 1 1 (s) may 
be optically connected to one or more optical bristle 
14s. which deliver radiation to the areas in the mouth 35 
being cleaned through bristle 14 end not optically con- 
nected to optical fiber 1 1 (s). Optical fiber 1 1 (s) may also 
terminate in one or more optical opening 15(s) located 
in brushhead 13, delivering radiation from optical open- 
ing 15(s) to the oral areas being cleaned via the air gap 40 
between them. Radiation may also be delivered using 
passage 12, which terminates in brushhead 13 by being 
connected to one or more hollow bristle 16(s) or one or 
more liquid opening 17(s). 

Figure 2 shows another preferred embodiment of 45 
the invention in which plastic brush 20 can be manufac- 
tured in a multiplicity of colors, is removable from a han- 
dle, and has rotatable brushhead 23. Plastic brush 20 
contains one or more optical fiber 21 (s) and water or liq- 
uid passage 22. Optical fiber 21 (or each optical fiber 50 
21) carries radiation from a radiation source to rotatable 
optical connection 28, and water or liquid passage 22 
carries water or liquid under pressure to rotatable 
brushhead 23. Optical fiber 21 (s) may be optically con- 
nected to one or more optical bristle 24s via optical con- 55 
nector 28, which deliver radiation to the areas in the 
mouth being cleaned through bristle 24 end not optically 
connected to optical connector 28. Optical fiber 21 (s) 
may also terminate in one or more optical opening 25(s) 
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located in rotatable brushhead 23, delivering radiation 
from optical opening 25(s) to the oral areas being 
cleaned via the air gap between them Radiation may 
also be delivered using a liquid going through passage 
22. Passage 22 terminates at rotatable brushhead 23 
and is connected to one or more hollow bristle 26(s) or 
one or more liquid opening 27(s). The liquid is delivered 
to the area to be cleaned or treated by passing through 
one or more hollow bristle 26(s) or one or more liquid 
opening 27(s). 

Radiation is delivered by a pulsed diode laser or a 
continuous wave diode laser, to exactly where it is 
needed through plastic brush tips 10 or 20 in the normal 
course of tooth brushing. The present invention in these 
embodiments incorporates the properties of simple 
laser biostimulation which produces enzymes which 
remove and reduce the byproducts of tissue inflamma- 
tion and thereby reduce swelling and assist to alleviate 
pain in the inflamed tissue. 

Figure 3 shows handle means 31 containing diode 
laser 32 and electrical wiring 33, and cooling means 34 
consisting of a Peltier cell. Radiation from diode laser 32 
is delivered through replaceable brush 35. Handle 
means 31 may also contain battery cell or cells 36 which 
power diode laser 32. 

Figure 4 shows the mechanical oral cleaning 
device placed within console 41 whereby the handle 
means 42 enclosing a diode laser is secured and 
replacement brushes 43 are easily accessible. Console 
41 also contains container 44 for storage of the dental 
or photosensitizer liquid or paste. Console 41 contains 
within its structure a sufficient length of cable for use of 
the brushing device in dental surgery or for any other 
application. Console 41 also contains within its struc- 
ture a micropump for any liquid under pressure that may 
be needed and all needed electrical circuits. 

Figure 5 shows a preferred embodiment of the 
invention in which plastic brush 50 can be manufactured 
in a multiplicity of colors and is removable from a han- 
dle. Plastic brush 50 contains optical fiber 51 and water 
or liquid passage 52. Optical fiber 51 carries radiation 
from a radiation source to fiber end 53, which termi- 
nates at designated angle 54 relative to optical fiber 51 s 
longitudinal axis. Water or liquid passage 52 carries 
water or liquid under pressure to fiber end 53. Water or 
liquid passes through passage 52, over surface of fiber 
end 53, and then through liquid and laser radiation 
delivery opening 55 to any proximal oral area to be 
cleaned or treated. Plastic brush 50 is designed to be 
safe for home use by the fact that laser radiation coming 
to fiber end 53 will be reflected harmlessly upward into 
plastic brush 50 if no liquid is being forced through liquid 
passage 52. This is due to angle 54 which creates a 
reflective surface because air and optical fiber 51 have 
substantially different n. When liquid is passing over the 
surface of fiber end 53 laser radiation will pass through 
substantially parallel to the longitudinal axis of optical 
fiber 51, thereby being delivered to oral areas to be 
cleaned or treated via opening 55 with the liquid that 
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came through passage 52. This occurs because the dif- 
ference in n between optical fiber 51 and a liquid or 
water is low enough that fiber end 53 is now a refractive, 
rather than a reflective, surface. 

In the present invention, the dental laser brushing 
device can be used in combination with a photosensi- 
tizer toothpaste or liquid which is applied to the bristles 
of the device. The photosensitizer liquid or paste when 
activated by an appropriate laser wavelength produces 
hyperactive singlet oxygen that destroys bacteria. The 
method is similar to photodynamic therapy of tumors in 
which the photosensitizer releases singlet oxygen that 
destroys tumor cells. The present invention uses low 
power laser energy delivered by pulsed or by continu- 
ous wave action and a low concentration of photosensi- 
tizer for consumer use. The dental laser brushing device 
may be used in connection with oral surgery at a 
medium laser energy delivery and using a specific con- 
centration of photosensitizer liquid. The present inven- 
tion guarantees good penetration of oral tissues. 

The low power radiation can be delivered at three 
(3) different frequencies which can be selected by the 
operator based upon the particular treatment to be ren- 
dered and the particular photosensitizer liquid used. 
The result is photodynamic therapy whereby the selec- 
tion of diode laser wavelength is related to the type of 
treatment to be conducted. 

In a preferred embodiment of the invention and as 
shown in the drawings, the diode laser can be incorpo- 
rated into the handle of the device together with its 
power supply and if necessary, with Peltier cells as a 
cooling system Radiation from a diode laser source is 
delivered through one or more of the bristles on a 
replaceable brush that has a fixed or rotatable brush- 
head, or through liquid jets, or through openings in the 
brushhead corresponding to the radiation delivery 
medium The diode laser will run on the battery or bat- 
tery cells inside the handle. The replaceable brushes 
have one of two types of brushheads: 

(a) rotating bristles which are activated by applying 
the bristles to the oral surface or by the pressure of 
the flow of liquid through the jets; 

(b) fixed bristles which are activated by applying the 
bristles to the oral surface or by the pressure of the 
flow of liquid through the liquid jets. 

The rotating motion of the bristles, the pulsing 
action of the pulsed delivery, and/or the pressure of the 
liquid jets all increase the effectiveness of the device. 

Also in a preferred embodiment of the invention, the 
handle containing the diode laser is linked to a console 
by cable where there are electrical wires and small tub- 
ing for delivery of the dental liquid. The console contains 
all the necessary electronic components for operation of 
the dental laser brushing device. The console contains 
a container to hold the dental liquid or paste and its 
micropump. This dental liquid can be a toothpaste, a 
pharmacological substance for medical treatment 



and/or a photosensitizer liquid for photodynamic-like 
therapy. 

Various replacement brushes can be inserted into 
the handle with an easy snap connection that guaran- 

5 tees optical connection between the diode laser and the 
optical fiber in the brush, and between the tubing that 
delivers the dental liquid to the tubing in the brush. The 
brushes may be different colors for easy individual iden- 
tification by multiple users within a family. The brushes 

10 may also be sterilized for professional use by dentists 
and oral surgeons. 

Also, in a preferred embodiment the laser radiation 
from diode laser source is delivered through the brush- 
head together with a liquid jet. Alternatively, the liquid jet 

15 itself can be the optical transfer medium for the radiation 
as the refractive index of water or the liquid is higher 
than that of air and as it is reasonably transparent for 
certain wavelengths applications to the procedure. 
Having described the preferred embodiment of the 

20 invention with references to the accompanying draw- 
ings, it is to be understood that the invention is not lim- 
ited to that precise embodiment and that various 
changes and modifications may be effected therein by 
one skilled in the art without departing from the scope or 

25 spirit of the invention as defined in the appended claims. 

Claims 

1 . A dental cleaning or treatment device having a han- 
30 die, a brushhead, and characterized by the brush- 
head having a backing plate and a multiplicity of 
bristles, and the device having a radiation source, a 
means for delivery of the radiation from the source 
to an open end of the bristles, and, a power source 

35 for the radiation source, wherein the brushhead in 
conjunction with the radiation is used to clean or 
treat teeth, gums and other oral areas. 

2. A dental device of claim 1 further characterized by 
40 the radiation source being a diode-laser either 

enclosed in the handle or in a separate enclosure 
and connected to the handle by an optically con- 
ductive means. 

45 3. A dental device of claims 1 or 2 further character- 
ized by the device having a radiation delivery 
means selected from the group consisting of; at 
least one optically conductive bristle in the multiplic- 
ity of bristles, a pressurized water stream directed 
so through the brushhead, and, an optical opening in 
the brushhead aimed in a substantially similar 
direction as the multiplicity of bristles. 

4. A dental device of claims 1 , 2 or 3 future character- 
55 ized by the brushhead and the handle being sub- 
stantially rigidly connected by an attachment 
means such that the brushhead may be used to 
apply needed pressure to oral areas, and where the 
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attachment means allows brushheads to be 
changed. 

5. A dental device of claim 4 further characterized by 
the brushhead backing plate and the multiplicity of s 
bristles being connected by a rotating means, 
allowing said bristles to move relative to said back- 
ing plate. 

6. A dental device of claims 1 , 2, 3, 4 or 5 further char- 10 
acterized by the power source being enclosed in 

the handle, or being in a separate enclosure and 
connected to the handle by an insulated conductive 
means. 

15 

7. A dental device of claims 1 , 2, 3, 4, 5 or 6 future 
characterized by at least the brushhead being con- 
sidered disposable. 

8. A dental device of claims 1, 2, 3, 4, 5, 6 or 7 further 20 
characterized by having an interlocking means for 
controlling the delivery of the radiation. 

9. A dental device of claims 1,2,4, 5, 6, 7 or 8 further 
characterized by the delivery means for the radia- 25 
tion comprising an optical fiber optically connected 

to the radiation source, and the optical fiber termi- 
nating such that the optical fiber's longitudinal axis 
is substantially directed at an opening in the brush- 
head, where the opening allows passage of liquid 30 
and radiation to oral areas to be cleaned, and 
where a tube provides passage for liquid under 
pressure, and where the optical fiber has a termina- 
tion-tip which forms a substantially flat surface rela- 
tive to the optical fiber's longitudinal axis, and 35 
where the tube has an open-end substantially near 
the termination-tip. and where liquid coming 
through the open-end passes over the surface of 
the termination-tip, and where an angle formed 
between the surface of the termination tip and the 40 
optical fiber's longitudinal axis forms a substantially 
refractive surface for the radiation while liquid is 
passing over the surface and then to the opening 
thereby passing the radiation substantially through 
the opening, and where the angle forms a substan- 45 
tially reflective surface for the radiation when the liq- 
uid is not passing over the surface, thereby passing 
the radiation substantially to the brushhead. 

10. A dental device of claims 1, 2, 3, 4, 5, 6, 7, 8 or 9 so 
further characterized by having means to deliver 
and select different radiation frequencies for treat- 
ment of a particular oral infection or condition. 

11. A dental device of claims 1,2,3, 4, 5, 6, 7, 8, 9. or ss 
10 further characterized by having a means to 
deliver and select laser radiation in a pulsed mode 

or in a continuous wave mode. 
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12. A dental liquid or paste containing photosensitizer 
substances which is used with a dental device of 
claims 1 , a, 3, 4, 5, 6, 7, 8, 9, 10 or 1 1 , or a similar 
device capable of directing light, which can activate 
the photosensitizer substance, onto an oral area 
covered with the liquid or paste. 

13. A method of treatment for teeth, gums and other 
oral areas characterized by application of the pho- 
tosensitizer substance of claim 12 to oral areas and 
either concurrently or after application activating 
the substance by exposure to a radiation source. 
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(54) Dental cleaning treatment laser device 

(57) The invention is an oral cleaning device incor- 
porating a low power laser radiation source and means 
for producing pulsed or continuous wave delivery of low 
power radiation to teeth, gums and oral tissue. The 
device is used alone or in conjunction with a liquid jet or 
jets and/or with photosensitizer dental paste or liquid. 
The device destroys bacteria and viruses in the mouth 
and on surrounding tissue. It increases oral blood circu- 
lation and enhances the body's immune system 
response to oral infection. The device may be operated 
by a trained professional at three different repetition rate 
frequencies, selected by the operator to threat different 
dental conditions. The specific photosensitizer liquid or 
paste which is activated at a certain wavelength is cho- 
sen by the operator to treat different dental conditions. 
The device is also intended for home dental hygiene at 
low power. 
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